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The effect of a multi-component
camp-based weight-loss program on
children’s motor skills and physical
fitness: a randomized controlled trial
Kristian Traberg Larsen1*, Tao Huang1,2, Lisbeth Runge Larsen3,4, Line Grønholt Olesen1, Lars Bo Andersen1,5,6
and Niels Christian Møller1
Abstract
Background: Many weight-loss programs in children are performed without specific foci on training both physical
fitness and motor skills. The aim of this study was to describe the effect of a one-year weight-loss program on
children’s motor skills and physical fitness.
Methods: Participants included 115 overweight fifth-grade children (12.0 years) randomized into either a Day-Camp
Intervention Arm (DCIA), with a subsequent family-based support program or a low-intense Standard Intervention
Arm (SIA). Physical fitness was assessed by vertical jump, hand grip strength, and a progressive cardio-respiratory
fitness test. Motor skills were assessed by the Movement Assessment Battery for Children – second edition
(M-ABC-2), age band 3.
Results: Loss to follow-up after 52 weeks was 19 % and 32 % in the DCIA and SIA, respectively. Balance skills were
improved post-camp, but not after 52 weeks in children from the DCIA compared to the SIA. Contrary to the expected,
children from the SIA improved aiming and catching skills relative to the DCIA children. Overall z-scores of the physical
fitness components and cardio-respiratory fitness improved more in children from the DCIA compared to children
from the SIA.
Conclusion: In conclusion, the day-camp intervention led to improvements in physical fitness but not in motor skills
compared to the standard intervention. Including both motor skills and physical fitness could advantageously be
considered in future immersive intervention programmes.
Trial registration: Clinicaltrials NCT01574352, March 26, 2012 (retrospectively registered).
Keywords: Children, Overweight, Obesity, Motor skills, Physical fitness, Multi-component intervention, Weight loss, RCT
Background
Being overweight as a child or adolescent also increases
the risk of adult morbidity and mortality [1, 2]. Conse-
quently, there is a need for effective and sustainable ap-
proaches for weight-loss interventions in children and
adolescents. The most effective treatment of obesity is
suggested to be multi-disciplinary, thus, consisting of
several different components [3]. In this context, a
promising approach is immersive treatment strategies in
which overweight children are removed from their obe-
sogenic environments and placed in therapeutic and
educational surroundings [4]. Continued participation in
physical activity (PA) have shown to be an important
element in achieving success, both in terms of weight
loss and long-term sustainability [3]. The majority of
existing long-term evaluations of weight-loss programs
with PA as one of the essential foci have documented a
general relapse of the attained weight loss, typically after
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one to two years [3]. To avoid this, it seems critical to
incorporate elements, such as continued participation in
PA, in the intervention program in order to support the
sustainability of the participants’ achieved weight loss.
Both motor skills (MS) and physical fitness (PF) affects
the level of physical activity in children [5–10]. A higher
level of MS has been linked to an increased self-reported
PA level among school children [7], and an inverse rela-
tionship between MS and being overweight also seems
to be present in children [5, 8]. Evidence also suggests
that failure to attain a basic level of MS may contribute
to a decline in PA during adolescence [9, 10]. Moreover,
PF contains elements of health-related fitness (e.g. car-
diovascular fitness and muscular strength) and
performance-related fitness (e.g. power and balance) [6].
Consequently, if overweight children’s performance in
MS and PF can be enforced during a weight-loss inter-
vention program, the chances of sustained weight loss
through increased engagement in PA would increase
[11]. Numerous immersive weight-loss interventions
conducted in children have PA as a key component, but
to our knowledge only one previous study has focused
on improving both MS and PF [12]. In intervention pro-
grams containing various and intensive daily PA compo-
nents, it could be assumed that the increased amount of
PA per se would improve MS and PF [11, 13]. Taking
into account the reduced level of MS and PF observed
in overweight children [5], even exercises of a low motor
difficulty could potentially lead to improved MS and PF.
However, it remains unknown whether MS and PF can
be improved as a result of immersive PA-based weight-
loss interventions in children without a specific focus on
promoting MS and PF. Therefore, the aim of the present
study is to determine how an immersive day-camp inter-
vention programme, with the primary focus of weight
loss, is influencing the development of MS and PF in
children when compared to a low-intense standard inter-
vention programme.
Methods
Study design
The Odense Overweight Intervention Study (OOIS) is a
randomized controlled trial designed to compare the
effect of a one year multi-component day-camp weight-
loss intervention for children with a short-lasting low-
intense standard programme. Reporting adheres to the
CONSORT guidelines. A study protocol with a more de-
tailed description of methods, intervention components,
and analysis strategies has earlier been published [14].
The study protocol was approved by The Regional
Scientific Ethical Committee for Southern Denmark
(Approval number: S-20120015), registered with
ClinicalTrial.gov (Registration number: NCT01574352)
before initializing the trial.
Participants
Fifth-grade children from two consecutive school years
in the municipality of Odense, Denmark, were examined
for overweight by school nurses. Children with an age
and sex specific body mass index (BMI) status corre-
sponding to >25 for adults, were subsequently invited to
participate in the trial. Exclusion criteria were: 1) the
child was participating in other overweight programs; 2)
the child was not attending regular school classes due to
behavioural issues; 3) the child had a known clinically
diagnosed endogenous cause of overweight; 4) the child
had a motor-control handicap which hindered normal
participation in PA; or 5) the child had known violent
behaviour. Families were invited to a meeting for detailed
information about the project. If the children’s parents or
legal guardians agreed to participate, these gave written
consent before enrolling the children to the trial. Sex-
stratified concealed block randomization with a ratio of
1:1 ensured balance between intervention arms.
Study interventions
Day-Camp Intervention Arm (DCIA)
The day camp took place in Odense, Denmark, from the
middle of May to the end of June, in 2012 and 2013.
The camp lasted for six consecutive weeks, seven days a
week, from 7 a.m. until 8.30 p.m. Outside these hours
the children stayed at home with their families. Each day
of the day-camp, children were engaged in PA classes
consisting of minimum three hours of structured exer-
cise with a focus on physical activity enjoyment and mo-
tivation (e.g. dancing, team building, and alternative
ball-games), one hour of health classes (focused on
knowledge, theory, and behaviour change), and one hour
of homework assignment (as the intervention took place
during school weeks). The camp instructors were giving
overall guidelines with the purpose of introducing the
children to a large variety of fun-based games and exer-
cises in order to strengthen their confidence in the
sporting environment. On this basis, camp instructors
were responsible of creating the specific content of the
classes. No specific motor skill training was introduced.
Healthy food was prepared by trained kitchen staff [15]
and the meals were supervised by the camp instructors.
No diet restrictions were enforced.
After six weeks of day-camp intervention, a family-
based intervention during the subsequent 46 weeks was
initiated with the purpose of supporting the families in
adopting the lifestyles attained during the day-camp
intervention. Parents received written and oral health in-
formation e.g. about how to increase habitual PA and
prepare healthy food. The responsibility of health behav-
iour at this stage rested entirely on the parents and chil-
dren. No specific PA levels were required. Challenges
emerging after the day-camp were addressed during four
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joint meetings with special trained school nurses and in-
structors from the day-camp. After approximately five
months, an activity day was arranged for the children.
Standard Intervention Arm (SIA)
The standard intervention programme was designed as a
minimum intervention as required by the local ethical
committee. It consisted of a single weekly exercise ses-
sion (two hours duration) for six weeks, as well as one
health and lifestyle educational session for the parents,
delivered by a dietician and a PA specialist. The standard
intervention ran simultaneously with the day-camp and
ended after six weeks.
Data collection
Data was collected at the University of Southern
Denmark, Odense, on three separate occasions; at base-
line, six weeks follow-up (post day-camp), and at 52 weeks
follow-up. As children were going through a significant
number of measurements during a test day, the sequence
of the tests were planned to be similar for each child on
each of their three test days. Test personnel were not
aware of children’s allocation.
Anthropometrics
Body height was assessed on a wall mounted stadiometer
without footwear. Body weight was assessed on a
Soehnle Professional Medical electronic scale in under-
wear. Sexual maturity was assessed according to Tanner’s
five pubertal stages by self-evaluation, as described by
Malina et al. [16]. Self-assessment of Tanner stages has
earlier shown relatively sound agreements with objective
assessments [17, 18].
Motor skills
Motor skills were assessed with the Movement Assessment
Battery for Children - Second Edition (M-ABC-2), age
band three (11 to 16 year-olds) [19]. The M-ABC-2 is
designed to screen for motor impairment using two com-
ponents, the Performance Test and the Checklist. For prac-
tical reasons, only the product-oriented Performance Test
was used in the present study. The test was composed of a
series of eight fine and gross motor tasks (items) grouped
into three subscales: Manual Dexterity (MHand) composed
by 1) turning pegs, 2) triangle with nuts and bolts, and 3)
drawing along a visual trail; Aiming and Catching skills
(MBall) composed by 4) catching with one hand and 5)
throwing ball at wall mounted target; and Balance skills
(MBalance) composed by 6) two-board balance, 7) walking
toe-to-heel backwards, and 8) zig-zag hopping on one leg.
Using the M-ABC-2 scoring manual [19], the scores from
the tests yielded raw scores and corresponding standard
scores from each subscale For study outcomes the standard
scores were used, as they represented the weighted
performance for each sub-scale. Additionally, a standard
score from the overall motor skills (MOverall) was extracted
from the test. The M-ABC-2 test has previously shown
high validity, reliability, and responsiveness to change over
time [20, 21].
Physical fitness
Handgrip strength (FStrength) was assessed using a
Smedley Dynamometer. The best of three attempts using
the dominating hand were registered. FStrength has been
shown to correlate highly with upper body strength in
children with high validity [22, 23]. The highest vertical
jump height (FJump) was assessed during a counter
movement jump. Measuring tape was fixed on the front
to a belt and through a moderate resistance on the floor,
thus registering the peak height of the jump. The child
was allowed to swing their arms during the take-off. If
the child improved during the three attempts, he/she
would be given another attempt until no further im-
provements were registered. FJump correlates well with
lower body strength and also constitutes an element of
coordination [22, 23]. The maximum oxygen uptake
(VO2peak) was assessed using a progressive resistance in-
creasing cycle ergometer protocol (Monark Ergomedic
839e) until total exhaustion with indirect calorimetry
(AMIS 2001, Innovision) and a Polar RS800CX heart
rate monitor. Completion was approved at a stable re-
spiratory exchange rate >1.08 as earlier suggested for
children at the age of 11 to 13 years [24]. A previous
study has compared the AMIS 2001 to Douglas bag and
showed a coefficient of variation of 1.9 % with respect to
oxygen uptake [25].
Demographics
Information of parental income and ethnicity was col-
lected in a questionnaire at baseline based on the ques-
tionnaire used in the Northern Ireland Childhood
Coronary Prevention Study [26].
Study outcomes
Mean standard scores from each subscale and Moverall
from the M-ABC-2 were used to outline the develop-
ment of motor skills during the trial. Cardiorespiratory fit-
ness (FCardio) was calculated as mL O2 (VO2peak)/(min · kg
body weight). Physical fitness was reported separately as
FStrength (kg), FJump (cm), and FCardio and as a sum of z-
scores from the three variables, overall physical fitness
(FOverall). BMI was calculated as body weight (kg) divided
by square of body height (m2). Parental socio-economic
status, derived from self-reported questionnaires, was
based on the mother’s highest education level and subse-
quently dichotomized into high/low according to the
International Standard Classification of Occupations from
Larsen et al. BMC Pediatrics  (2016) 16:91 Page 3 of 9
2008 [27]. Ethnicity, derived from self-reported question-
naires, was dichotomized into Danish/Non-Danish origin.
Statistical analyses
To describe baseline data, frequencies, means with
standard deviations, and medians with inter-quartile
ranges were presented. Linear mixed-effects modelling
for repeated measures was applied to determine differ-
ences between intervention arms in development of
standard scores for MOverall and the underlying sub-
scales. Similar mixed-effects models were applied to de-
termine the group differences in development of FOverall
and the underlying sub-components. Maximum likeli-
hood estimation was used for all models [28]. Akaike
information criterion and Bayesian information criterion
determined whether random intercepts or random slope
models were preferred. Unstructured covariance matrix
was applied when a random slope model was used. The
normality of first level residuals, random intercepts and
slopes, as well as homoscedasticity, were investigated in
all models. For all statistical analysis, Stata version 12.1
SE (StataCorp LP, College Station, TX, USA) was used.
Results
Baseline characteristics and trial flow
Baseline characteristics are presented in Table 1. Frequen-
cies, means with standard deviations, or medians with
inter-quartile ranges were calculated for the demographics
and anthropometric measures depending on the distribu-
tion of the data. Nine children were normal weight at base-
line. The normal weight children were included due to
miscommunications between the municipality and a few of
the school nurses performing the recruitment. Groups are
similar at baseline in all aspects, with the exception of a
larger number of children at risk of having movement
difficulties in MBall in the SIA (10 vs. 3). The flow of partic-
ipants is shown in Fig. 1. School nurses examined 3750
children (91.3 % of all 5th grade children during the two
sampling years). Of these, 633 children were invited to
participate in the OOIS and 115 children and their families
accepted. Nine children withdrew before baseline measure-
ments. Loss to follow-up after 52 weeks was 19 % and
32 % in the DCIA and SIA, respectively. Most participants
who dropped out of the trial did not provide any reasons
(72 %). For children randomized to the DCIA being of
non-Danish ethnicity, there was an increased risk of miss-
ing more than one measurement occasion (P = 0.038). In
short the DCIA were effective in reducing children’s BMI
and BMI z-score across 52 weeks compared to children
from the SIA (manuscript in review).
Motor skills
As presented in Table 2, MOverall remained unchanged
between groups during the entire trial. MBall was
improved in children from the SIA both after six (mean
group difference; −2.2 (−4.1 to −0.4), P = 0.02) and
52 weeks (mean group difference; −2.7 (−4.6 to −0.8),
P = 0.01) when compared to children from the DCIA.
Compared to children from the SIA, children from
the DCIA improved MBalance (mean group difference;
3.5 (0.5 to 6.4), P = 0.02) after six weeks, but not after
52 weeks. MHand showed no change between groups
at either follow up.
Physical fitness
As presented in Table 3, FOverall was higher in favour of
the DCIA children at both follow-up measurements when
compared to the SIA children (mean group difference;
0.28 (95 % CI 0.07 to 0.50, P = 0.01) and 0.24 (95 % CI
0.02 to 0.46, P = 0.03) at 6 and 52 weeks, respectively).
FCardio was higher in children from the DCIA after 6 weeks
(mL O2/(min · kg) mean group difference; 3.20 (95 % CI
1.36 to 5.04, P < 0.01), but no difference was observed
after 52 weeks when compared to children from the SIA.
No significant group differences were present at any
follow-up with respect to FStrength and FJump.
Discussion
When children’s MS and PF was compared across the
intervention arms, the DCIA children improved their
FOverall, but not the MOverall when compared to the SIA.
Changes in the motor skill subscales were ambiguous as
Mbalance was improved in children from the DCIA after
six weeks, while children from the SIA improved their
MBall after both six and 52 weeks. Improvements were
not observed at any time in other subscales of motor
skills and the FCardio after six weeks was the only sub-
component improved in FOverall for children from the
DCIA compared to children from the SIA.
Our findings on DCIA improvement of Mbalance after six
weeks are in line with the ones in a study by D’Hondt and
colleagues [13]. The authors investigated the development
of gross motor co-ordination during a residential weight-
loss intervention in overweight children with PA exposure
comparable to the OOIS. When testing gross motor skills
using the Körperkoordinationstest für Kinder (KTK),
D’Hondt et al. found improvements in the overall KTK
performance after 16 weeks. The KTK is relatively com-
parable to the MBalance subscale of the M-ABC-2, where
we in the OOIS also observed improvements in the DCIA.
The length of stay for the participants at the camp was
16 weeks in the program evaluated by D’Hondt et al.
compared to only six weeks in the OOIS. Nonetheless,
post-camp balance improvements were observed in both
cases, indicating that six weeks of intervention is sufficient
in order to attain improvement in overweight children’s
balance skills. If more sustained effects are desired,
different intervention components, specific motor skill
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enhancement training, might be required as earlier ob-
served in a school based sample [29]. In general, earlier
findings have shown that improvements of MS and PF are
more likely to occur in cases where interventions include
elements of both motor skills and physical fitness. This
may explain why we in the present study were unable to
observe long-term changes of MOverall. In a previous study
by Morano et al., improvements of MS and PF were
Table 1 Baseline characteristics
Total Day camp intervention arm Standard intervention arm
Total N (male %) 106 (44.3) 55 (47.3) 51 (41.2)
Age (years) (n = 106) (n = 55) (n = 51)
Mean (SD) 12.0 (0.4) 12.0 (0.4) 12.0 (0.4)
Ethnic Danish (%), (% males) 66.0‡ (41.2 %) 70.6 (44.4 %) 61.8 (33.3 %)
SES ♂/♀ (N)a (n = 99) (n = 52) (n = 47)
1 11/14 7/8 4/6
2 18/21 11/13 7/8
3 12/23 6/7 6/16
Pubertal stage ♂/♀ (N) (n = 106) (n = 55) (n = 51)
1 4/0 3/0 1/0
2 24/4 13/2 11/2
3 17/37 9/18 8/19
4 2/15 1/9 1/6
5 0/3 0/0 0/3
Body height (m) (n = 106) (n = 55) (n = 51)
Mean (SD) 156.0 (6.1) 156.4 (6.6) 155.5 (5.7)
Body weight (kg) (n = 106) (n = 55) (n = 51)
Median (IQR) 60.1 (53.9 – 65.5) 61.3 (55.4 – 66.2) 59.2 (52.4 – 62.9)
BMI (kg/m2) (n = 106) (n = 55) (n = 51)
Median (IQR) 24.3 (22.6 – 26. 9) 24.8 (22.8 – 27.1) 23.9 (22.5 – 26.9)
Overweight category (n = 106) (n = 55) (n = 51)
Normal weight (N), (% males) 9 (55.6 %) 3 (33.3 %) 6 (66.7 %)
Overweight (N), (% males) 67 (41.8 %) 36 (44.4 %) 31 (38.7 %)
Obese (N), (% males) 30 (46.7 %) 16 (56.3 %) 14 (35.7 %)
Motor skills (standard scores) (n = 106) (n = 55) (n = 51)
Manual dexterity, Mean (SD) 24.5 (6.5) 25.0 (6.4) 24.0 (6.7)
Aiming and catching, Mean (SD)b 18.8 (4.3) 19.8 (3.9) 17.7 (4.4)
Balance, Mean (SD) 22.0 (6.7) 21.2 (6.2) 22.8 (7.2)
Overall, Mean (SD) 65.0 (12.1) 64.8 (12.4) 65.3 (11.9)
Hand strength (kg) (n = 106) (n = 55) (n = 51)
Mean (SD) 24.2 (4.7) 24.2 (5.0) 24.2 (4.3)
Jump height (cm) (n = 106) (n = 55) (n = 51)
Mean (SD) 28.9 (5.3) 28.6 (5.2) 29.2 (5.6)
Cardio respiratory fitness
(ml O2/min/kg)
(n = 86) (n = 80) (n = 75)
Mean (SD) 34.0 (5.3) 33.2 (5.4) 34.8 (5.1)
Over physical fitness z-score (n = 74) (n = 55) (n = 51)
Mean (SD) −0.00 (77) −0.04 (0.78) 0.04 (0.76)
Means with standard deviations for normal distributed data and, alternatively, medians with inter quartile ranges for skewed data are presented for each
intervention arm and for the total sample
SD standard deviation. IQR Inter-quartile range. aBased on the mothers’ education level. bSignificant difference between intervention groups. BMI body mass index.
Motor skills are based on the Movement Assessment Battery for Children – second edition. SES Socio Economic Status
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observed in obese children after engaging in an eight
months intervention programme containing combined PA
and MS elements [12]. Similar conclusions were reached
in a meta-analysis, including various types of intervention
and different samples of children (primarily children with
developmental coordination disorder), where included
studies aimed at improving MS [30]. However, only two
studies from the meta-analyses included children with
overweight. Therefore, improving MS seem achievable
when the training aims for it.
We consider the contribution of the standard inter-
vention programme on the development of any MS or
PF related outcomes to be imperceptible. Still, we ob-
served improvement of the MBall in the SIA children
compared to the DCIA after six weeks. No within-group
changes were observed at either follow-up in the DCIA
children or in the SIA children from six to 52 weeks
with respect to the MBall. Therefore, the SIA improve-
ment from baseline to six week follow up was the only
significant change present for this subscale. This pattern
suggests that either the six two-hour sessions in the SIA
and/or the regular school setting was providing enough
impact to significantly improve the MBall or, alterna-
tively, that the SIA participants systematically or coinci-
dently underperformed at baseline with respect to this
particular subscale. The latter is the most likely scenario,
as a significantly lower MBall subscale score at baseline
was present in the SIA compared to the DCIA (MBall
mean difference; −2.1 (95 % CI −3.7 to −0.5, P = 0.01)),
while no other MS or PF related outcomes differed
Fig. 1 Flow of participants
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between intervention arms at baseline. At six and
52 weeks follow up, the SIA children had an improved
their score to be on the same absolute level as the DCIA
children.
FOverall was improved in children from the DCIA com-
pared to children from the SIA at both follow-up mea-
surements. Previous (non-randomized controlled trials)
camp-based studies have reported similar short-term
(post camp) findings [31–36]. However, none of these
studies added measures of motor skills to supplement
physical fitness and typically only included one or two
physical fitness-related components (e.g. one-mile run).
Why improvements were observed in the FOverall in the
day-camp children, while none were found in MOverall,
could be a result of the day-camp intervention primarily
used fitness enhancing elements with no specific motor
skill training. Another plausible explanation could be
that the response time on the development of motor
skills is longer compared to physical fitness. Thus, both
exposure time and intervention content could preferably
be considered when aiming to improve both MS and PF
during weight-loss programmes.
The improvement in FOverall after 52 weeks was
present despite any of the composing fitness outcomes
Table 2 The development of motor skills
M-ABC-2 standard score
Mean (SD)
Difference in change at 6 weeks Difference in change at 52 weeks
Variable Baseline 6 weeks 52 weeks Mean P-value Mean P-value
(N = 51/55) (N = 43/51) (N = 37/48) (95 % CI) (95 % CI)
Manual dexterity
Standard 25.0 (6.4) 26.0 (6.6) 27.4 (6.0) −0.95 (−3.4 to 1.5) 0.45 −1.4 (−4.0 to 1.1) 0.27
Day Camp 24.0 (6.7) 24.4 (5.4) 25.6 (6.4)
Aiming and catching
Standard 17.7 (4.4) 20.3 (4.8) 20.3 (5.7) −2.2 (−4.1 to −0.4) 0.02 −2.7 (−4.6 to −0.8) 0.01
Day Camp 19.8 (3.9) 20.3 (4.4) 19.4 (4.1)
Balance skills
Standard 22.8 (7.2) 23.6 (8.3) 26.8 (6.7) 3.5 (0.5 to 6.4) 0.02 −0.4 (−3.4 to 2.7) 0.81
Day Camp 21.2 (6.2) 25.7 (6.4) 25.2 (6.3)
Overall motor skills
Standard 65.3 (11.9) 69.9 (13.3) 74.5 (12.4) 0.3 (−4.7 to 5.3) 0.91 −4.6 (−9.7 to 0.6) 0.09
Day Camp 64.8 (12.4) 70.5 (11.2) 70.4 (12.4)
The absolute values and the difference in change of the motor skill subscales and the overall motor skills from the Movement ABC-2 test standard scores
Table 3 The development of physical fitness
Physical fitness
Mean (SD), N = SIA/DCIA
Difference in change at 6 weeks Difference in change at 52 weeks
Variable Baseline 6 weeks 52 weeks Mean (95 % CI) P-value Mean (95 % CI) P-value
Handgrip (kg) N = 51/55 N = 43/51 N = 38/48
Standard 24.2 (4.3) 23.9 (4.4) 27.2 (4.3) 0.45 (−0.81 to 1.70) 0.49 0.96 (−0.35 to 2.26) 0.15
Day Camp 24.2 (5.0) 24.3 (4.5) 28.3 (5.8)
Vertical jump (cm) N = 51/55 N = 43/51 N = 38/48
Standard 29.2 (5.6) 28.7 (5.6) 31.7 (5.5) 1.24 (−0.77 to 3.26) 0.23 1.27 (−1.51 to 4.05) 0.37
Day Camp 28.6 (5.2) 29.0 (4.4) 32.3 (5.9)
Cardiorespiratory fitness
(ml O2/min/kg)
N = 35/39 N = 33/39 N = 23/31
Standard 35.1 (5.2) 35.4 (6.1) 36.6 (5.4) 3.20 (1.36 to 5.04) <0.01 1.17 (−0.79 to 3.13) 0.24
Day Camp 33.5 (5.2) 37.2 (6.5) 37.3 (4.7)
Overall physical fitness N = 51/55 N = 43/51 N = 38/48
Standard 0.04 (0.76) −0.06 (0.79) −0.11 (0.72) 0.28 (0.07 to 0.50) 0.01 0.24 (0.02 to 0.46) 0.03
Day Camp −0.04 (0.78) 0.08 (0.68) 0.04 (0.80)
The absolute values and the difference in change of fitness related components and the summed z-score of the components (physical fitness z-score)
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showing any significant change at this time point. The
directions of the PF sub-component effect sizes indicate
that all three have contributed to the overall the day-
camp improvement. This is further confirmed in the
z-scores of the components (data not shown).
Post hoc regression analyses revealed that while im-
provements in BMI z-score were significantly associated
with an improvement in FOverall for all children com-
bined, both after six and 52 weeks, no such association
was present for MOverall. To some extent, this is in line
with the main findings; improvement of physical fitness
was associated with weight loss, while the association
between MOverall and weight loss was insignificant.
Strengths and limitations
Strengths included the randomised design and relatively
long follow-up period compared to earlier studies. The
study is one of the first to investigate the development of
both motor skills and physical fitness as a result of over-
weight children participating in an immersive weight-loss
intervention program. Other important strengths of the
study include free of charge participation in the OOIS,
that the OOIS program already was implemented in the
municipal system, and that screenings were part of an
existing assessment in schools. This means that the pro-
gram is more accessible for children and families who
otherwise lack the resources to voluntarily sign up and
pay for participation in weight-loss programs.
The M-ABC-2 battery showed ceiling effects in one-
legged hopping and drawing trail (data not shown) and
floor effects in backwards balance (data not shown). Tak-
ing into account the characteristics of the OOIS sample:
overweight and relatively young children (baseline mean
age 12.0) in the M-ABC-2 age band (11 to 16 yr), ideally
they should not exhibit ceiling effects in any of the test
items [37]. Ceiling effects are specifically unsuitable in
intervention research, as parts of the improvement then
cannot be registered. Another limitation concerning the
M-ABC-2 test is the reporting of changes in motor skills
merely through the product-oriented part of the Per-
formance Test in the M-ABC-2 [6]. By including the
process-oriented part of the M-ABC-2 (an assessment of
movement quality during the test) or the Checklist (peer
assessment of movement quality), the evaluation of
motor skills could have been reported based on other
dimensions as well. Consequently, despite recommenda-
tions of inclusion of both product- and process-oriented
assessments [6], the motor skills development detected
in the present study are restricted to the performance
related part of motor skills.
Conclusions
In general, the present study shows that only a small im-
provement in MS and PF can be attributed to participation
in an immersive day-camp intervention focusing on weight
loss through PA without specific MS training. For children
in the DCIA, PF improved across one year follow-up, while
MS remained unchanged when compared to children from
the SIA. However, the day-camp participants did improve
their balance skills after the intensive day-camp period
relative to the standard intervention participants. Interven-
tion programmes neglecting a focus on improving both
MS and PF sub-components, are potentially restrained
from providing the necessary skills for future PA par-
ticipation that otherwise could favour the sustainability of
an achieved weight loss. This could advantageously be con-
sidered in immersive intervention programmes, as they
provide an otherwise optimal context for adding MS and
PF improving content to the intervention.
Abbreviations
BMI, body mass index; DCIA, Day-Camp Intervention Arm; FCardio, cardiorespiratory
fitness; FJump, highest vertical jump height; FOverall, overall physical fitness;
FStrength, handgrip strength; KTK, Körperkoordinationstest für Kinder; M-ABC-2,
Movement Assessment Battery for Children – 2; MBalance, balance skills; MBall,
aiming and catching skills; MHand, Manual Dexterity; MOverall, overall motor skills;
MS, motor skills; OOIS, Odense Overweight Intervention Study; PA, physical
activity; PF, physical fitness; SIA, Standard Intervention Arm; SES, Socio Economic
Status; VO2Peak, maximum oxygen uptake
Acknowledgements
The authors acknowledge the significant support from the municipality of
Odense especially, Mette Mørkenborg and Mie Hansen, for making a huge
effort to run the camps and support children and parents participating
during the intervention programme. Acknowledgements also go to Eleanor
Boyle for statistical guidance. The authors acknowledge all participants in the
study, as well as the many school nurses involved in the project. We also
thank the members of the OOIS Steering Committee for their advice and
support. Finally, the authors acknowledge the tenacious work of the
test personnel.
Funding
The study was funded by Trygfonden (Grant number 7-11-0700).
Professor Lars Bo Andersen was the receiver of the funding.
Availability of data and materials
Data is available on request from The Danish National Archives
(http://dda.dk/catalogue/30519).
Authors’ contributions
MRL and LBA have been designing the original concept of the OOIS, and
have been members of the steering committee during the planning and
implementation of the study. KTL and TH have been planning and executed
the practical part of the study, including planning the specifics of the
interventions, recruiting participants, and organizing tests of participants.
KTL, TH, and MH have overseen and performed data collection. KTL has drafted
the present article and has collected and applied comments from co-authors.
NCM, MRL, and LBA have contributed scientifically to the article by advising on
study design and manuscript development. All authors critically read and
commented the manuscript and approved the final version.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The study protocol was approved by The Regional Scientific Ethical
Committee for Southern Denmark (Approval number: S-20120015).
Larsen et al. BMC Pediatrics  (2016) 16:91 Page 8 of 9
Author details
1Centre of Research in Childhood Health (RICH), Department of Sports
Science and Clinical Biomechanics, University of Southern Denmark, Odense,
Denmark. 2Department of Physical Education, Shanghai Jiao Tong University,
Shanghai, China. 3Research & Innovation Center for Human Movement &
Learning (FIIBL), Department of Sports Science and Clinical Biomechanics,
University College Lillebaelt, Odense, Denmark. 4Institute of Regional Health
Research, University of Southern Denmark, Odense, Denmark. 5Department
of Sports Medicine, Norwegian School of Sport Sciences, Oslo, Norway.
6Faculty of Teacher Education and Sport, Sogn og Fjordane University
College, Sogndal, Norway.
Received: 23 November 2015 Accepted: 6 July 2016
References
1. Baker JL, Olsen LW, Sorensen TI. Childhood body-mass index and the risk of
coronary heart disease in adulthood. N Engl J Med. 2007;357(23):2329–37.
2. Franks PW, Hanson RL, Knowler WC, Sievers ML, Bennett PH, Looker HC.
Childhood obesity, other cardiovascular risk factors, and premature death.
N Engl J Med. 2010;362(6):485–93.
3. Oude Luttikhuis H, Baur L, Jansen H, Shrewsbury VA, O'Malley C, Stolk RP,
Summerbell CD: Interventions for treating obesity in children. The Cochrane
database of systematic reviews 2009(1):Cd001872.
4. Kelly KP, Kirschenbaum DS. Immersion treatment of childhood and
adolescent obesity: the first review of a promising intervention. Obes Rev.
2011;12(1):37–49.
5. Lubans DR, Morgan PJ, Cliff DP, Barnett LM, Okely AD. Fundamental
movement skills in children and adolescents: review of associated health
benefits. Sports Med. 2010;40(12):1019–35.
6. Gallahue DL, Ozmun JC, Goodway J: Understanding Motor Development:
Infants, Children, Adolescents, Adults: McGraw-Hill; 2012
7. Kalaja S, Jaakkola T, Liukkonen J, Watt A. Fundamental movement skills and
motivational factors influencing engagement in physical activity. Percept
Mot Skills. 2010;111(1):115–28.
8. Hendrix CG, Prins MR, Dekkers H. Developmental coordination disorder and
overweight and obesity in children: a systematic review. Obes Rev.
2014;15(5):408–23.
9. Barnett LM, van Beurden E, Morgan PJ, Brooks LO, Beard JR. Childhood
motor skill proficiency as a predictor of adolescent physical activity.
J Adolesc Health. 2009;44(3):252–9.
10. Lopes VP, Rodrigues LP, Maia JA, Malina RM. Motor coordination as
predictor of physical activity in childhood. Scand J Med Sci Sports.
2011;21(5):663–9.
11. Stodden DF, Goodway JD, Langendorfer SJ, Roberton MA, Rudisill ME,
Garcia C, Garcia LE. A developmental perspective on the role of motor skill
competence in physical activity: an emergent relationship. Quest.
2008;60(2):290–306.
12. Morano M, Colella D, Rutigliano I, Fiore P, Pettoello-Mantovani M,
Campanozzi A. A multi-modal training programme to improve physical
activity, physical fitness and perceived physical ability in obese children.
J Sports Sci. 2014;32(4):345–53.
13. D'Hondt E, Gentier I, Deforche B, Tanghe A, De Bourdeaudhuij I, Lenoir M.
Weight loss and improved gross motor coordination in children as a result of
multidisciplinary residential obesity treatment. Obesity. 2011;19(10):1999–2005.
14. Larsen KT, Huang T, Moller NC, Andersen LB, Ried-Larsen M. Effectiveness of
a one-year multi-component day-camp intervention for overweight
children: study protocol of the Odense overweight intervention study
(OOIS). BMC Public Health. 2014;14:313.
15. Astrup AV, Andersen NL, Stender S, Trolle E. [Dietary Recommendations
2005]. Ugeskr Laeger. 2005;167(21):2296–9.
16. Malina RM, Bouchard C, Bar-Or O: Growth, Maturation, and Physical Activity:
Human Kinetics; 2004
17. Lee K, Valeria B, Kochman C, Lenders CM. Self-assessment of height, weight,
and sexual maturation: validity in overweight children and adolescents.
J Adolesc Health. 2006;39(3):346–52.
18. Klasson-Heggebo L, Andersen LB, Wennlof AH, Sardinha LB, Harro M,
Froberg K, Anderssen SA. Graded associations between cardiorespiratory
fitness, fatness, and blood pressure in children and adolescents. Br J Sports
Med. 2006;40(1):25–9. discussion 25–29.
19. Henderson SE, Sugden DA, Barnett AL. Movement Assessment Battery for
Children-2 second edition (Movement ABC-2). London, UK: The Psychological
Corporation; 2007.
20. Wuang YP, Su JH, Su CY. Reliability and responsiveness of the Movement
Assessment Battery for Children-Second Edition Test in children with
developmental coordination disorder. Dev Med Child Neurol. 2012;54(2):160–5.
21. Valentini NC, Ramalho MH, Oliveira MA. Movement assessment battery for
children-2: translation, reliability, and validity for Brazilian children. Res Dev
Disabil. 2014;35(3):733–40.
22. Milliken LA, Faigenbaum AD, Loud RL, Westcott WL. Correlates of upper
and lower body muscular strength in children. J Strength Cond Res.
2008;22(4):1339–46.
23. Castro-Pinero J, Artero EG, Espana-Romero V, Ortega FB, Sjostrom M, Suni J,
Ruiz JR. Criterion-related validity of field-based fitness tests in youth: a
systematic review. Br J Sports Med. 2010;44(13):934–43.
24. Shephard RJ, Allen C, Bar-Or O, Davies CT, Degre S, Hedman R, Ishii K,
Kaneko M, LaCour JR, Di Prampero PE, et al. The working capacity of
Toronto schoolchildren. I. Can Med Assoc J. 1969;100(12):560–6.
25. Jensen K, Jørgensen S, Johansen L. A metabolic cart for measurement of
oxygen uptake during human exercise using inspiratory flow rate. Eur J
Appl Physiol. 2002;87(3):202–6.
26. Boreham C, Savage J, Primrose D, Cran G, Strain J. Coronary risk factors in
schoolchildren. Arch Dis Child. 1993;68(2):182–6.
27. International Standard Classification of Occupations In., vol. 1: International
Labour Organization; 2012: 422.
28. Baraldi AN, Enders CK. An introduction to modern missing data analyses.
J Sch Psychol. 2010;48(1):5–37.
29. Barnett LM, van Beurden E, Morgan PJ, Brooks LO, Zask A, Beard JR. Six year
follow-up of students who participated in a school-based physical activity
intervention: a longitudinal cohort study. Int J Behav Nutr Phys Act. 2009;6:48.
30. Logan SW, Robinson LE, Wilson AE, Lucas WA. Getting the fundamentals of
movement: a meta-analysis of the effectiveness of motor skill interventions
in children. Child Care Health Dev. 2012;38(3):305–15.
31. Gately PJ, Cooke CB, Barth JH, Bewick BM, Radley D, Hill AJ. Children’s
residential weight-loss programs can work: a prospective cohort study of
short-term outcomes for overweight and obese children. Pediatrics.
2005;116(1):73–7.
32. Huelsing J, Kanafani N, Mao J, White NH. Camp jump start: effects of a
residential summer weight-loss camp for older children and adolescents.
Pediatrics. 2010;125(4):e884–890.
33. Kirschenbaum D, Craig R, Kelly K, Germann J. Immersion programs for
treating pediatric obesity: Follow-up evaluations of Wellspring Camps and
Academy of the Sierras, a boarding school for overweight teenagers. Obes
Manag. 2007;3:261–6.
34. Meucci M, Cook C, Curry CD, Guidetti L, Baldari C, Collier SR. Effects of
supervised exercise program on metabolic function in overweight
adolescents. World J Pediatr. 2013;9(4):307–11.
35. Cooper C, Sarvey S, Collier D, Willson C, Green I, Pories ML, Rose MA,
Escott-Stump S, Pories W. For comparison: experience with a children's
obesity camp. Surg Obes Relat Dis. 2006;2(6):622–6.
36. Deforche B, De Bourdeaudhuij I, Debode P, Vinaimont F, Hills AP, Verstraete
S, Bouckaert J. Changes in fat mass, fat-free mass and aerobic fitness in
severely obese children and adolescents following a residential treatment
programme. Eur J Pediatr. 2003;162(9):616–22.
37. Zhu YC, Cairney J, Li YC, Chen WY, Chen FC, Wu SK. High risk for obesity in
children with a subtype of developmental coordination disorder. Res Dev
Disabil. 2014;35(7):1727–33.
Larsen et al. BMC Pediatrics  (2016) 16:91 Page 9 of 9
